Excellent material can improve the function of water lubricated stern bearing. According to the material properties and operational research theory, the mathematical model of the optimal selection material of water lubricated rubber bearing is established. The condition of selecting materials is discussed. The expression of the maximum value is obtained by using software. The influence of material properties on the objective function is discussed..
Introduction
Tail bearing is an important part of the ship propulsion system, and its function has important influence on the performance of the ship navigation, such as rapidity, security, concealment, and economy [1] . Poor lubrication can lead to vibration and noise caused by the friction pairs of shaft neck and bearing, which seriously affect the safety, concealment and survival ability of the underwater vehicle [2] .
Rubber material is widely used in the water lubricated stern bearing, its outstanding advantages is the absorption of shock, good impact resistance, non polluting waters, and well ship's concealment performance [3] , especially during the Second World War [4] [5] . But the disadvantages are also very prominent: low carrying capacity, design pressure only oil lubricated bearings 1/3 [6] . Under the condition of starting, stopping and running at low speed, the vibration noise (noise Bearing) is produced, which is fatal to the underwater vehicle [7] . Along with the progress of the electronic detection technology, the rubber bearing is becoming more and more important [8] . The urgent need to carry out the research of the system including the development of the material, the mechanism of the vibration and sound mechanism and the influencing factors, and the measures of reducing vibration and noise [9] .
In this paper, the selection method of water lubricated tail bearing material is studied by using the optimization theory.
Material selection basic conditions
This section discusses the basic conditions for the selection of materials. Such conditions is determined according to the actual use of water lubricated rubber bearing environment [6] .
At present, there are many kinds of structural forms of water lubricated stern bearing on the ship, which are mainly the integral type and the slab type. Fig.1(a) shows the integral rubber bearings, its work surface of the rubber is raised, like plum [7] .
So it is often referred to as plum rubber bearing. In order to create a good lubrication cooling channel and conditions, its work surface is made a raised shape. Second is to reduce the consumption of the friction power, etc. This type of integral rubber bearing is often used in the medium and small ships. Its shell can be metal (usually brass), or plastic. The inner round surface of the has positive or negative time direction channel, and the rubber is vulcanized or bonded to it, and the working surface of the convex shape, is a special mold, and then through the rubber vulcanization molding. Figure 1(b) shows the strip type rubber bearing. This is the first slab type rubber bearing, the metal strip of vulcanized rubber has a screw in attack, and then the metal rubber strip with countersunk screws fixed to the casing. This kind of bearing is generally used in the shaft diameter is more than 300mm, which is inconvenient to use in the case of molding. In the strip type bearing a certain root damage or excessive wear, can be directly replaced with the slab, maintenance costs are low, but the installation process is complex, the panels are difficult to guarantee, so the general use of submarines or large ships [8] .
(a) (b) Fig. 1 Structure of water lubricated stern tube bearing Material selection criteria for ship stern bearing are below: (1) good lubrication performance, small friction coefficient;
(2) is not easy to wear, the use of a long time;
(3) noise is low, and does not produce a phenomenon. (4) high carrying capacity.
Optimal design theory
Based on above material selection basic conditions and optimizing the design of operational research, we will discuss the theory of material selection.
Let the types of rubber are 1 2 , , , m b b b , the materials added to rubber are 1 2 , , 
The expense of experiment 
here ij i i j j y k q w p = + , and k i , w j are amount of adding to rubber. In order to use more time in experiment, we have objective function and constrain conditions: 
Numerical example
SPB-N is a mixed material of rubber. UHMWPE, graphite and other components of the blend. By changing the proportion of each component, a series of composite rubber material with similar properties can be obtained [6] . In the experiment, the main raw materials are Nitrile rubber a 1 , UHMWPE a 2 , graphite a 3 , carbon black a 4 , sulfur a 5 , stearic acid a 6 . Their price is shown in Table. 1. In the experiment, the rubber types selected are SBR and SPB-N, thickness are :4mm, 8mm, 12mm. The types of rubber are SBR(12mm), SBR(8mm), SBR(4mm), SPR-N (12mm), SPR-N(8mm), SPR-N(4mm) It is assumed that the purchase quantity and price of each raw material is inversely proportional to the price.
( ) 4000 5600 625 125 97 13 26 A = If pressure 0.4MPa, Hardness A82, the friction coefficient shown in Fig.2 
Fig. 2 Friction coefficient varied with velocity
According to the measurements of the coefficient friction f, the used time is defined as T=bt, in this paper, where b is the ratio. Since the value of b does not affect the optimization process, the take b=1000. see Table 5 Table 5 Friction and used time 
Concluding Remarks
Water lubricated stern bearing is an important part of the ship propulsion system. The excellent material can improve the function of water lubricated stern bearing. A optimal method of selection of water lubricated rubber bearing materials is shown in the paper. The results are get by the way of numerical calculation.
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